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Abstract
We consider dilatonic brane-world models with a non-minimal coupling between a
dilaton and usual matter on a brane. We demonstrate that variation of the fundamental
constants on the brane due to such interaction leads to strong restrictions on parameters
of models. In particular, the experimental bounds on the variation of the ne structure
constant rule out non-minimal dilatonic models with a Liouville-type coupling potential
f(’) = exp(b’) where b  O(1).
PACS numbers: 04.50.+h, 98.80.Hw
Brane-world models have been the subject of intensive investigation for the last few
years. They oer an interesting alternative (with respect to the Kaluza-Klein model) to
the standard multidimensional gravity and cosmology. The main feature of this approach
consists in a proposal where the standard matter (SM) elds are localized on the brane
(4-dimensional hypersurface which corresponds to our Universe) whereas the gravitational
eld can propagate in the full multidimensional space-time. It sheds a new light on the
problem of the large hierarchy and leads to new designing properties and phenomena for
multidimensional models. Thus, it is important to predict observable eects which can
conrm such brane-world approach.
Obviously, SM particles may escape from the brane into a bulk resulting in the violation
of the energy-momentum and charge conservation laws in the brane [1]. Such eect can
take place, for example, if SM particles interact with bulk elds. A lot of papers were
∗e-mail: zhuk@paco.net
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devoted to the problem of the interaction between radions and SM elds (see [2], [3] and
references therein). Radions usually describe relative motion of the branes. For realistic
models, it is usually supposed that there is a mechanism for the brane stabilization with
respect to each other. Let b0 be the scale of stabilization of the inter-brane distance and
 (x) the small fluctuations (radions) around it. Then, an induced 4-D metric on the brane
located in an additional dimension at y = y0 reads: hµν(x; y0) = A0 exp(c0 (x))~hµν (x),
where A0 is a dimensionless warp factor corresponding to the scale of stabilization b0
and c0  1=MEW (in the ADD (Arkani-Hamed, Dimopoulos, Dvali) brane approach
c0  1=MP l [3], [4]). Let (x) represents a matter eld (SM) on the D0-dimensional





jhjL((x); h(x; y0)) : (1)
The corresponding Lagrangian density of the interaction between radions and eld  is


















where T µµ is a trace of the energy-momentum tensor for the Lagrangian L with respect to
the metric hµν : Tµν = −2L=hµν + hµνL ,
√jhjTµν = 2L=hµν ; L = √jhjL. Thus,
the interaction between radions and SM eld is absent for elds with vanishing T µµ , e.g.
for massless fermions and massless gauge bosons which are the quanta present in high-
energy experiments. By this reason graviscalars were neglected in colliding experiments
for studding of the brane-world physics1.
Nevertheless, massless SM particles on the brane can interact at tree level with other
bulk elds, e.g. with a non-minimal dilaton eld. Moreover, as this scalar eld lives in full
5-D space-time (in the bulk), the coupling constant is c0  1=MEW (if 5-D gravitational
constant 25 = M
−3
EW ). Such interaction may play an important role in the brane-world
physics. Thus, it is of interest to predict observable eects following from this type of
interaction and to obtain experimental restrictions on parameters of the models. There is
an extensive list of papers devoted to the investigation of the dilatonic brane-world models
with a slightly dierent form of the action (e.g. [7] - [21]). They naturally follows from
a low-energy limit of string theories and have a dilatonic bulk potential and a dilatonic
coupling potential of the form of the Liouville potential [7], [8], [9], [14], [19]. In this








jgjfR[g] − gab@a’@b’− 225V (’)g + (3)
1We should emphasize that in the standard Kaluza-Klein model the interaction (with c0  1=MPl) between







jhjf−T + f(’)Lmg+ boundary term ;
where M5 is the 5-D manifold with metric gab (a; b = 0; 1; 2; 3; 5) and the 4-D hypersurface
M4 is the brane with induced metric2 hµν (;  = 0; 1; 2; 3). T is a tension of the brane
and may also depend on dilaton ’. The Lagrangian Lm corresponds to SM elds on
the brane. 5-D gravitational constant 25 is connected with 5-D fundamental mass as
follows: 25 = M
−3 and we usually suppose M = MEW  1TeV . The dilatonic eld ’
is dimensionless. Its dimensions are restored with the help of the 5-D fundamental mass
M : ’ = M−3/2  = M−1 where  and  have dimensions of O(m3/2) and O(m) (m is a
unit of mass), respectively. A scalar eld  has usual dimensions for scalar elds in 4-D
space-time (cf. [20]). The bulk potential V (’) has dimensions O(m5), the brane coupling
function f(’) is dimensionless and the brane tension T and the matter Lagrangian Lm
have dimensions O(m4).
It is clear that a non-minimal interaction of the dilatonic eld with SM elds results
in violation of the matter conservation on the brane (see footnote 3 below). To be in
accordance with observations, ’ should be stabilized on the brane near some value ’0 or
slightly vary during the Universe evolution (at least from the time of nucleosynthesis).
Let ’0 is the present value of ’ and  = M−1 are small fluctuations around it. Then,










with the coecient  := f=’jϕ0 . This formula shows that dilatonic elds can interact
with massless SM particles at the tree level. It is the main dierence with graviscalars
considered in Eq. (2). Interaction (4) is suppressed by the electroweak mass M = MEW 
1TeV in contrast to the interaction with WIMP’s (Weakly-Interacting Massive particles)
which are suppressed by 4-D Planck mass MP l  1016TeV . Thus, the interaction SM
elds with dilatons in brane worlds can be much more eective than with WIMP’s in the
standard Kaluza-Klein approach.
Obviously, interactions between dilatons and massless SM particles e.g. photons with
Lm = FµνFµν and massless fermions with Lm = Ψγµ@µΨ are of the most interest in
high-energy colliding experiments. If the dilaton eld ’ is stabilized on the brane at ’0
corresponding to a minimum of an eective potential and small fluctuations near this
2For simplicity, we consider the case of one brane located at the additional coordinate y = y0. Let na be a
unite space-like vector normal to the brane. Then, the induced metric on the brane is hab = gab − nanb. We
also suppose that all space-time can be covered by the normal Gauss coordinates where na = na = (0; 0; 0; 0; 1).
In this case ha5 = ha5 = h
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ν . These simplications do not aect the results of our paper.
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position constitute quanta  with a mass m, then a decay rate of these quanta into 2
photons or 2 massless fermions are












have life-time t  1019sec > tuniv  1018sec greater than the age of the Universe. They
are rather light particles. For heavier dilatons the decay plays important role during the
Universe evolution.
It is well known (see e.g. [22]) that interaction of the form f(’)F 2 results in variation







where the dot denotes dierentiation with respect to time. There is an extensive list of
papers devoted to the experimental bounds for such variations (e.g. [23], [24] and refer-
ences therein). Dierent experiments give dierent bounds on j _=j, from . 10−12yr−1
for cosmic microwave background [23] to . 10−17yr−1 for the Oklo experiment [25]. Pri-
mordial nucleosynthesis gives j=j . 10−4 at a redshift on the orders z = 109 − 1010
[26], i.e. j _=j . 10−14yr−1. In all these estimates _ = =t is the average rate of
change of  for the period t (corresponding to a redshift z). For our calculations we
take some averaged estimate j _=j . 10−13yr−1 which corresponds to a Hubble time scale











∣∣∣∣∣ . 10−13yr−1 ; (8)
This estimate leads to the following restriction on the parameter  (cf. [22]):
jj  t
∣∣∣∣ _
∣∣∣∣ M ) jj . 10−3 ; (9)
where we suppose  M and that the present value of f  1 (that usualy is equivalent
to the assumption for the dilaton eld at the present time: 0 M ) ’0  1).
As we wrote above, most of the dilatonic models are motivated by string theories which,
at a low-energy limit, usually have the Liouville-type potentials: V (’) = V0 exp(a’) and
f(’) = exp(b’) with a = 2b = O(1) [8], [9], [14], [19]. Substitution of the Liouville




∣∣∣∣ . 10−13yr−1 ) jbj . 10−3 (10)
4
for   M and t  1010 years. Estimates (9) and (10) coincide with each other
because for ’0  1 :  = f=’jϕ0 = b exp(b’0)  b.
It is hardly possible that the Liouville-type potentials for such considered model pro-
vide the stabilization of ’ on the brane (see Eq. (18) below). Thus, the dilatonic models
with non-minimal coupling to the SM elds on the brane are ruled out by estimate (10)
for theories with a  b  O(1).
Another restrictions on parameter of models can be obtained from experiments on
variation of the 4-D gravitational constant. It is well known (see e.g. [16] and [17])
that in 4-D projected Einstein equation the term linear with respect to the brane matter
energy-momentum3 (m)µν = −2Lm=hµν +hµνLm has the form (45=6)Tf(’)(m)µν , and







plays the role of a 4-D gravitational constant on the brane4. This equation shows that
eective 4-D gravitational constant GN for models (3) depends on the function f(’) (for
simplicity, we impose that the tension T  const). Thus, variation of f(’) leads to a
variation of GN . There are a number of observable data for an estimate of a possible
time variation of the gravitational constant [27], [28]. They imply j _GN=GN j . 10−11yr−1.




∣∣∣∣∣ . 10−11yr−1 ; (12)
which for the Liouville potential f = exp(b’) puts on the parameter b the following
restrictions:
jbj . 10−1 ; (13)
where we suppose =t M=1010yr. This estimate is much less severe than (10) and,
strictly speaking, not rules out theories with b  O(1). For example, it is expected [28],
that on the Hubble time scale j _GN=GN j . H0  10−10yr−1. Then, inequality (13) is
reduced to the following estimate: jbj . 1.
In order to avoid the problem of the fundamental constant variation in the dilatonic
non-minimal models, it is natural to suppose that the dilaton is stabilized on the brane
3An eective energy-momentum conservation equation for the matter on the brane has the form [17]
rν(f(’)(m)µν) = ( rµ’)(df=d’)Lm ; which shows that the matter is conserved on the brane if the dilaton
eld is either minimally coupled to the SM matter (f  const) or stabilized on the brane (’jbrane ! const).
4This was the main reason for us to include the tension term in action (3), because, if T  0, then the linear
 -term is absent in the projected Einstein equation.
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(before primordial nucleosynthesis), i.e. ’! ’0  const where ’0 corresponds to a stable
solution of the equation of motion on the brane.
















where [g] = gabrarb and ra  ra[g] is the covariant derivative with respect to 5-D
metric gab. In the normal Gauss coordinates jhj = jgj. The jump condition (at the brane)


























where in the latter equality we use the normal Gauss coordinates and impose Z2 symmetry.
The unite vector n usually points into the bulk. The last relation in (15) is used for
evaluation of @y’ close to the brane. Thus, after some algebra (see e.g. [17]) the 4-D
















where [h] = hµν rµ rν and rµ  rµ[h] is the covariant derivative with respect to 4-D
metric hµν and we impose that the tension T does not depend on the scalar eld ’. The
-function in this equation is canceled by second derivative @2’=@y2, resulting in jump
condition (15).
As follows from Eq. (16), to dene the behaviour of ’ on the brane, we should obtain
rst a solution for the bulk Eq. (14) with an appropriate boundary conditions. One of
them is the jump condition (15) and another one is dened by the topology of the model
and the form of the potential V (’). Following paper [16], we can expand the dilaton eld
’ near the brane as
’(x; y) = ~’(x) + 1(x)jyj+ 122(x)y
2 +O(y3) : (17)
Inserting this expansion into Eq. (16), we nd that 1 satises the jump condition (15):
1 = −(1=2)25 (df=d’)Lm and for ~’ we obtain equation








Lm − 2(x) : (18)
Here, 2(x) is dened from a solution of the bulk Eq. (14) with an appropriate boundary
conditions. Thus, the main problem of the non-minimal dilatonic brane-world models
6
consists in the construction of models where ~’0  const is a stable solution of Eq. (18).
If, in general, such constructions are impossible, then variations of ’ with time should be
in accordance with experimental bounds on variations of the fundamental constants (see
e.g. Eqs. (8) and (12)).
Acknowledgements
I would like to thank Valery Rubakov for interesting discussions, Paulo Moniz for useful
comments and Uwe Gu¨nther for a kind assistance with the literature. I also acknowledge
support by the programme SCOPES (Scientic co-operation between Eastern Europe and
Switzerland) of the Swiss National Science Foundation, project No. 7SUPJ062239.
References
[1] S.L. Dubovsky, V.A. Rubakov and P.G. Tinyakov, Phys. Rev. D62, (2000), 105011;
hep-th/0006046; JHEP 0008, (2000), 041; hep-ph/0007179.
[2] C. Csaki, M. Graesser, L. Randall and J. Terning, Phys. Rev. D62, (2000), 04501;
hep-ph/9911406;
W.D. Goldberg and M.B. Wise, Phys. Lett. B475, (2000), 275; hep-ph/9911457.
[3] G.F. Giudice, R. Rattazzi and J.D. Wells, Nucl. Phys. B595, (2001), 250; hep-
ph/0002178.
[4] N. Arkani-Hamed, S. Dimopoulos and G. Dvali, Phys. Rev. D59, (1999), 086004;
hep-ph/9807344.
[5] U. Gu¨nther and A. Zhuk, Phys. Rev. D56, (1997),6391; gr-qc/9706050.
[6] U. Gu¨nther and A. Zhuk, in Proc. Memorial International Conference (GMIC’99)
”The Universe of Gamov: Original Ideas in Astrophysics and Cosmology”. Odessa,
Ukraine, August 16 -22, 1999, Odessa Astronomical Publications 12, (1999) 37 - 47,
(http://oap12.webjump.com ).
U. Gu¨nther, A.Starobinsky and A.Zhuk, Interacting gravitational excitons from extra
dimensions, in preparation.
[7] H.A. Chamblin and H.S. Reall, Nucl. Phys. B562, (1999), 133; hep-th/9903225.
[8] J.E. Lidsey, Class. Quant. Grav. 17, (2000), L39, gr-qc/9911066.
[9] M. Ooho and K. Shiraishi, Multi-centered solutions with a (very spacial) warped
compactification, gr-qc/9912110.
7
[10] N. Arkani-Hamed, S. Dimopoulos, N. Kaloper and R. Sundrum, Phys. Lett. B480,
(2000), 193; hep-th/0001197.
[11] S. Kachru, M. Schulz and E. Silverstein, Phys. Rev. D62, (2000), 045021; hep-
th/0001206.
[12] D. Youm, Nucl. Phys. B589, (2000), 315; hep-th/0002147.
[13] G.T. Horowitz, I. Low and A. Zee, Phys. Rev. D62, (2000), 086005; hep-th/0004206.
[14] B. Grinstein, D.R. Nolte and W. Skiba, Phys. Rev. D62, (2000), 086006; hep-
th/0005001.
[15] P. Binetruy, J.M. Cline and C. Grojean, Phys. Lett. B489, (2000), 403; hep-
th/0007029.
[16] K. Maeda and D. Wands, Phys. Rev. D62, (2000), 124009; hep-th/0008188.
[17] A. Mennim and R. Battye, Class. Quant. Grav. 18, (2001), 2171; hep-th/0008192.
[18] S. Nojiri, O. Obregon, S. Odintsov and V.I. Tkach, Phys. Rev. D64, (2001), 043505;
hep-th/0101003.
[19] T. Boehm, R. Durrer and C. Bruck, Phys. Rev. D64, (2001), 063504; hep-th/0102144.
[20] D. Langlois and M. Rodrigues-Martinez, Phys. Rev. D64, (2001), 12350; hep-
th/0106245.
[21] S.C. Davis, JHEP 0203, (2002), 054; hep-th/0106271.
[22] S.M. Carroll, Phys. Rev. Lett. 81, (1998), 3067; astro-ph/9806099.
[23] S. Hannestad, Phys. Rev. D60, (1999), 023515; astro-ph/9810102.
M. Kaplinghat, R.S. Scherrer and M.S. Turner, Phys. Rev. D60, (1999), 023516;
astro-ph/9810133.
[24] J.K. Webb et al, Phys. Rev. Lett. 87, (2001), 091301; astro-ph/0012539.
[25] T. Damour and F. Dyson, Nucl.Phys. B480, (1996), 37; hep-ph/9606486.
Y. Fujii et al, Nucl. Phys. B573, (2000), 377; hep-ph/9809549.
[26] E.W. Kolb, M.J. Perry and T.P. Walker, Phys. Rev. D33, (1986), 869.
[27] S. Degl’Innocenti et al, Astron. Astrophys. 312, (1996), 345; astro-ph/9509090.
[28] T. Damour, Gravitation, experiment and cosmology, gr-qc/9606079.
8
